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Abstract- The influence of H2 atmosphere on the temperature 
dependence of resistivity of Zn-Bi-O thin films were characterized 
in this study. The I-V properties of selected samples were 
measured by a stabilized dc power source. The resistivity of films 
vary considerably depending on the concentration of hydrogen. 
I. INTRODUCTION 
ZnO-based varistors have been investigated since the early 
1970s [1]. The microstructures of these varistors consist of 
semiconductive ZnO grains surrounded by a complex 
intergranular material, whose composition depends on the type 
and number of additives (Bi2O3, CoO, MnO, Al2O3) [2,3]. In 
the nonlinear regime, the relation between current and the 
applied voltage is often express in terms of power-law 
 I=f(V
α
)    (1) 
where α is the nonlinearity  exponent that depends on, 
among other things, the microstructure of the device. This 
nonlinear properties was used in commercial surge arresters in 
high voltage application in the area of power engineering 
where switching voltage is in the range of kV. Another new 
market for surge protection are found in low-voltage 
application, such as in automobile electronics and 
semiconductor electronics. These device typically operate in 
the range from 3 to 12V. Consequently, it is possible to reduce 
varistor breakdown voltage by reducing the number of grains 
across which the current must flow, which in turn can be done 
by either reducing the thickness of the device or increasing the 
matrix grain size. A ideal approach for making low-voltage 
varistors are thin layers devices [4]. Thin film ZnO-Bi2O3 
arresters as distinct from bulk varistors have low switch 
voltage and exhibit high nonlinear I-V characteristic [5, 6, 7]. 
Additionally thin layers structures behave as a model system 
for the grain boundary region in bulk varistors which are 
responsible for switching effect . 
However a porous ZnO-Bi2O3 thin film exhibit high surface 
gas adsorption [8, 9, 10]. Concentration and type of gas 
components  change considerably the  I-V characteristics of 
varistors. Therefore the gas sensing properties for new type of 
thin film arresters are very important. 
 
 
II. EXPERIMENTAL 
I-V characteristics of thin film varistors were measured by 
scanning the DC electric fields at a speed of 0.1 do 1 Vmin
-1
 
until the current flowing through the specimens reached 1 mA. 
These measurements were carried out in the temperature range 
from room temperature to 60
o
C. At every temperature the 
measurement was carried out in He at first, then in a mixture of 
5% H2 balanced with helium. 
. 
III. RESULTS AND DISCUSSION  
The I-V characteristics of Zn-Bi-O thin film varistors are 
shown in Fig.1.  
 
All varistors tested exhibited nonlinear I-V characteristics 
and the magnitude of the breakdown voltage decreased with 
increasing H2 concentration. 
However, the relatively biggest breakdown voltage shift 
was observed for  low concentration of hydrogen. For higher 
concentration of H2 this shift decreases. A similar results for 
shifting of breakdown voltage was obtained both for bulk 
samples and another varistor composition e.g. SnO2-based 
varistor [10]. There are general  trend showing that the 
breakdown voltage (Uz) shifts to a high electric field in air or 
oxidizing atmospheres (NO2, O3) and to the low electric field 
upon exposure to H2 or  reducing atmospheres, and the 
magnitude of the shift is well correlated with gas concentration 
[11 ]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The breakdown voltage for thin film varistor upon exposure to 
different H2 concentration at room temperature. 
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 Explanation of gas-sensing mechanism of ZnO-based 
varistor  is connected with chemisorption of  negatively 
charged species in oxidizing atmospheres which determine the 
high of the Schottky barrier at grain boundaries or necks, 
thereby resulting in a shift of the breakdown voltage to a high 
electric field. Hydrogen chemisorption  change the potential 
barrier height induced by the consumption of  oxygen 
adsorbates leading to a lower surface coverage of negatively 
charged species. 
A rise in the temperature intensify the chemisorption 
phenomena which is related with. A increase in working 
varistor temperature from room temperature to 60
o
C result in a 
decrease in the breakdown voltage, as shown in Fig.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. .  I-V characteristics of thin film varistor in a H2 atmosphere at room 
temperature and 60 oC. 
 
 
 
 
IV. CONCLUSIONS 
It is confirmed that a semi-amorphous Zn-Bi-O thin films 
could be prepared by magnetron sputtering which exhibit non-
linear I-V varistor characteristics in air and as well as in H2 
sensitivity in the temperature range 25-60
o
C 
The breakdown-voltage shift to low electric field upon 
exposure to H2 is observed. Thus, the Zn-Bi-O thin films could 
also work as a varistor-type H2 sensor. 
The breakdown-voltage decreased with increasing varistor 
working temperature for constant H2 concentration.  
REFERENCES 
[1] M.Matsuoka, „Nonohmic properties of zinc oxide ceramics”, 
Jpn.J.Appl.Phys., 10 (1971), pp.736-746. 
[2] L. Hozer, Półprzewodnikowe materiały ceramiczne z aktywnymi 
granicami ziarn, PWN, Warszawa, 1990 
[3] E. G. Maier, R. M. Rudolph, W. Schmidt, F. Hunzinker, Voltage 
distribution and pollution performance of metal oxide arresters, CIGRE 
1986 Session, pp. 12-33 
[4] J. Ziaja; “Thin film arresters obtained by metal evaporation”, EEEIC 
Conference on Environment and Electrical Engineering, 5-10 May 2008, 
in press 
[5] Y. Suzuoki, A. Ohki, M. Nakagawa, T. Mizutani, M. Ieda, “Electrical 
properties of ZnO Bi2O3 thin-films varistors”, Avances in Varistors 
Technology, Ceramics Transaction Volume 3, pp. 338-344, 1989 
[6] F. S. Mahmood, R. D. Gould, A. K. Hassan, H. M. Salih, “D.c. properties 
of ZnO thin films prepared by r. f. magnetron sputtering”, Thin Solid 
Films 270 (1995), pp. 376 – 379 
[7] N. Horio, M. Hiramatsu, M. Nawata et el. Preaparation of zinc oxide 
metal oxide multilayered thin films fo low-voltage varistos, Vaccum, (4), 
179-122, 1998 
[8] G. Agarwal, R. F. Speyer, “Current change method of reducing gas 
sensing ZnO varistors”,  Journal of the Electrochemical Society, 145: (8), 
2920-2925, 1998 
[9] M. Egashira, Y. Shimizu, Y. Takao, S. Sako, Variations in I-V 
characterics of oxide semiconductors induced by oxidizing gases, Sensors 
and Actuators B-Chemical, 35: (1-3), 62-67, 1996 
[10]  M. Egashira, Y. Shimizu, Y. Takao, Y. Fukuyama, Hydrogen-sensitive 
breakdown voltage in the characteristics of tin dioxide-based 
semiconductors,  Sensors and Actuators B-Chemical, 33: (1-3), 89-95, 
1996 
[11] Y. Shimizu, F. C. Lin, Y. Takao, M. Egashira, Zinc oxidevaristors gas 
sensing: II, effect of chromiun(III) and ytrium oxide additives on the 
hydrogen-sensing properties, Jouranal Of The American Ceramics 
Society, 81: (6) 1663-1644, 1998 
 
voltage U[V]
0.0 0.5 1.0 1.5 2.0 2.5 3.0
c
u
rr
e
n
t 
I[
A
]
5x10-6
10x10-6
15x10-6
20x10-6
H2 - 5%
60 oC
20 oC
